
Co-ordinate Systems for Physics
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In common physics notation, θ is the polar angle from
the z-axis to the radial vector r, ϕ the azimuthal an-
gle from the x-axis to the projection(ρ) of r on the xy-
plane.

Cartesian (x, y, z)
Vector notation

r = xi+ yj+ zk ṙ = ẋi+ ẏj+ żk

Volume element
dV = dx dy dz

Langrangian (Central Conservative Force)

L = 1
2mṙ2 − V = 1

2m(ẋ2 + ẏ2 + ż2)− V (x, y, z)

Cylindrical Polars (ρ, ϕ, z)ρ
ϕ
z
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z

 xy
z

 =

ρcosρsin
z


Vector notationρ̂ϕ̂

k

 =

 cosϕ sinϕ 0
−sinϕ cosϕ 0
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  i
j
k

 =

cosϕ −sinϕ 0
sinϕ cosϕ 0
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ρ̂ϕ̂
k


r = ρ ρ̂+ zk ṙ = ρ̇ ρ̂+ ρϕ̇ ϕ̂+ żk

Volume element
dV = ρ dρ dϕ dz

Langrangian
L = 1

2mṙ2 − V = 1
2m(ρ̇2 + ρ2ϕ̇2 + ż2)− V (ρ, ϕ, z)

Spherical Polars (r, θ, ϕ)r
θ
ϕ

 =

√
x2 + y2 + z2

arcos(z/r)
arctan(y/x)

 xy
z

 =

rsinθcosϕrsinθsinϕ
rcosθ


Vector notation r̂θ̂
ϕ̂

 =

sinθcosϕ sinθsinϕ cosθ
cosθcosϕ cosθsinϕ −sinθ
−sinϕ cosϕ 0
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j
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  i
j
k

 =

sinθcosϕ cosθcosϕ −sinθ
sinθsinϕ cosθsinϕ cosϕ
cosθ −sinθ 0

 r̂θ̂
ϕ̂


r = r r̂ ṙ = ṙ r̂ + rθ̇ θ̂ + rsinθϕ̇ ϕ̂

Volume element
dV = r2sinθ dθ dϕ dr

Langrangian
L = 1

2mṙ2 − V = 1
2m(ṙ2 + r2θ̇2 + r2sin2θϕ̇2)− V (r, θ, ϕ)
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